Objective: To determine serum leptin levels in alcoholic liver cirrhosis and the relationship with gender, nutritional status, liver function, energy metabolism, inflammatory state and refeeding. Subjects: Thirty-seven hospitalized alcoholic cirrhotic patients (M=F: 24=13), 27 hospitalized patients at risk of malnutrition but with normal liver function (M=F: 15=12) as control patients, and 31 healthy control subjects (M=F: 17=14) participated. Design: Liver function was assessed from Child -Pugh classification; anthropometric parameters and resting energy expenditure (REE) were measured; caloric intake was evaluated over 5 days; and serum leptin and insulin were assayed. The same protocol was performed after 1 month refeeding in 22 patients. Healthy subjects were studied as controls for anthropometric parameters and serum leptin levels. Results: Serum leptin levels were higher in male cirrhotic patients than in the other two male groups (P ¼ 0.0079) and in the same range in the female groups. They were higher in female than in male subjects in the three groups. In female cirrhotic patients, logarithmically transformed serum leptin levels correlated significantly with fat mass (P ¼ 0.0043), insulin levels (P ¼ 0.0072), REE (P ¼ 0.0133), bilirubin levels (P < 0.0001), prothrombin time (P ¼ 0.0003) and Pugh score (P ¼ 0.0266) in simple regression analysis and with insulin levels (P ¼ 0.0137), but not with fat mass (P ¼ 0.0761), Pugh score (P ¼ 0.4472) and REE (P ¼ 0.4576) in multiple regression analysis. In the male cirrhotic and control patients, log (leptin) levels correlated with CRP (C reactive protein) (r ¼ 0.365, P ¼ 0.0223). Log (leptin) levels did not correlate with caloric intake in any of the groups. Leptin levels (P < 0.05) and fat mass (P < 0.02) increased with refeeding while liver function improved (P < 0.01). Conclusion: There is a gender difference in regulation of serum leptin level in alcoholic liver cirrhosis. Insulin level is the best determinant of leptin level in female patients while inflammatory state related to alcoholic hepatitis seems to have a greater influence in male patients. Although leptin levels positively correlated with REE in female patients, there is no evidence that leptin reduces caloric intake and fat stores in these patients. Descriptors: leptin; liver cirrhosis; nutritional status; liver failure; energy metabolism European Journal of Clinical Nutrition (2001) 55, 980-988 
Introduction
Leptin, a 16 kDa protein encoded by the ob gene, is an adipocyte-derived hormone and has a key role in maintenance of body weight (Halaas et al, 1995) . Several studies have shown that leptin decreases appetite and thereby food intake and increases the expenditure of energy in normal animals and humans (Frühbeck et al, 1998) . During prolonged nutritional deprivation, the decreased energy intake, diminished subcutaneous fat mass and declining insulin concentration suppress leptin production showing that leptin appears to be an important signal in the process of metabolism=endocrine adaptation (Soliman et al, 2000) . Because malnutrition has a high prevalence in patients with liver cirrhosis, recent studies have analyzed serum leptin levels in the course of liver disease (McCullough et al, 1998; Shimizu et al, 1997; Greco et al, 2000; Testa et al, 2000) . These studies have reported different results according to gender, the cause of liver cirrhosis and the degree of liver failure. However, the relationship between leptin secretion, energy intake and energy expenditure has not been studied in liver cirrhosis yet. Therefore, the contribution of leptin to malnutrition in these patients remains to be studied.
The aim of this study was to measure serum leptin levels in a group of hospitalized alcoholic cirrhotic patients and to determine to what extent gender, nutritional status, liver function and inflammatory state influence leptin levels. Another aim was to study the relationship between energy metabolism, caloric intake and leptin levels. Changes in leptin levels in this patient group have been assessed after 1 month refeeding in relation to changes in nutritional status and liver function. We have compared this group of cirrhotic patients to another group of hospitalized patients exposed to a high risk of malnutrition but with a normal liver function and to a group of healthy control subjects.
Material and methods

Patients
Thirty-seven patients with alcoholic liver cirrhosis were enrolled in the study. These patients were 24 males and 13 females; the mean age is given in Table 1 . Alcoholic intake had ceased for several weeks before inclusion in the study. The principal cause of hospitalization was ascites in 20 cases, the other causes were gastro-intestinal bleeding in five cases, spontaneous bacterial peritonitis and bacteremia in four cases, jaundice in four cases and malnutrition in four cases. The diagnosis of liver cirrhosis was performed on the basis of usual clinical, biological and endoscopic signs of the disease such as hepatomegaly, jaundice, ascites, vascular spiders, increased levels of aspartate and alanine aminotransferase (with a ratio AST=ALT > 2), gGT, alkaline phosphatase, b and g serum globulin, prolonged prothrombin time and oesophageal varices. Liver cirrhosis was proven histologically in 15 patients, liver biopsy being performed 4 -6 weeks before inclusion in the study. Among these 15 patients, alcoholic hepatitis was associated histologically with cirrhosis in 14 patients (M=F: 10=4). Patients had been hospitalized for several weeks at the time of enrolment in the study. They were in a stable clinical condition, free of hepatic encephalopathy, recent septic complication or fever. None of these patients suffered from diabetes mellitus, renal failure or other chronic disease. The degree of liver failure was assessed by the Child -Pugh score (Pugh et al, 1973) . According to this classification, patients in class A of Child are in good condition, patients in class B are in a mild condition and patients in class C are in poor condition. The Pugh score ranges from 5 to 15 and increases as severity of liver failure worsens. The factors taken into account in Pugh score are encephalopathy, ascites, prothrombin time, and bilirubin and albumin levels. Upon entry into the study, five patients were in Child's class A (M=F: 5=0), 18 patients were in class B (M=F: 9=9), and 14 patients were in the class C (M=F: 10=4). Twenty-five patients were ascitic on the day of admission to the study (M=F: 16=9). All the patients received group B vitamins; other drug treatment including diuretics and beta-blockers was suspended during the 5 days preceding the study.
Twenty-seven hospitalized patients at risk of malnutrition were studied as control patients (M=F: 15=12). Twenty-three patients had complications of alcoholism (M=F: 13=10). Among them, twenty-one patients had Gayet Wernicke -Korsakoff syndrome and=or polynevritis and two patients had chronic pancreatitis. All of these patients had a normal liver function assessed by a prothrombin time and serum bilirubin level in normal range; none of them had clinical, biological or endoscopic signs of liver cirrhosis. All these patients had ceased alcoholic intake for several weeks before inclusion in the study. Four patients were hospitalized for rehabilitation after abdominal surgery (M=F: 2=2). Abdominal perineal resection had been performed for a rectal cancer in one patient, colectomy was performed in one patient for Crohn's disease and in another for cancer of the colon, and colostomy was performed in one patient for a stenosis of the colon related to radiation colitis. The mean age of this patient control group is shown in Table 1 .
Thirty-one healthy subjects were studied as healthy controls for serum leptin levels and anthropometric parameters. The mean age of this healthy control group is shown in Table 1 . Daily alcohol consumption was less than 20 g in healthy control subjects. Informed consent was obtained from each subject before the study.
Dietary intake
Before their admission to the unit, the patients' diet was not controlled. After inclusion in the study, the caloric intake was monitored by a dietician who questioned the patients about their desires for the composition of the next meal and encouraged them to eat. Diet was conventional and was not enriched by any specific substrate. The hospital diet was unrestricted except for sodium and fluid in patients with ascites. Intakes of energy, nitrogen and essential nutrients were recorded by a dietician immediately after each meal and were calculated from five consecutive 24 h dietary records. The composition of the diet was determined from tables (Ostrowski, 1978) .
Assessment of nutritional status
A flexible tape was used to take the circumference of the arm while hanging relaxed. Measurement was taken midway between the tip of acromion and olecranon process. Skinfold thicknesses were measured to the nearest millimeter using a Harpender caliper with a pressure of 10 g=mm 2 of contact surface area. Readings for all subjects were taken at four sites: the triceps, biceps, subscapular and suprailiac areas. They were taken on the nondominant side of the body, with the patients standing in a relaxed position. Muscular midarm circumference (MMAC) was calculated according to the equation: MMAC(cm) ¼ midarm circumference (cm) 7 p triceps skinfold thickness (cm) All measures were performed by the same operator throughout the study. Fat mass (FM) was calculated according to Durnin's predictive equations (Durnin & Womersley, 1974) . Fat-free mass (FFM) was calculated from body weight and fat mass.
Measurement of resting energy expenditure (REE)
REE was calculated from gaseous exchange measurement using indirect calorimetry (Datex, Engström, Finland) . Following an overnight fast, subjects were placed under a ventilated plexiglas hood and measurements of O 2 consumption (VO 2 ) and CO 2 production (VCO 2 ) were taken every minute for a total of 30 min after a 5 min period of acclimatization. All subjects remained in bed in a quiet area of the ward throughout the study period. REE was calculated according to Ferrannini's equation from VO 2 , VCO 2 and the rate of urine nitrogen excretion (Ferrannini, 1988) . Monthly calibration to check the flow rate and RQ was carried out using an alcohol burning kit, variation between calibration was < 2%.
Biological measurements
Alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), alkaline phosphatase (ALP), g-glutamyl transferase (gGT) and total bilirubin were measured immediately after blood collection, on a Synchron CX5 analyzer (Beckman-Coulter, France), using available commercial kits. Prothrombin time expressed as percentage of normal was performed on an ACL 7000 (Instrumentation Laboratory, France). Serum albumin concentration was measured by means of the bromocresol green method and C-reactive protein (CRP) was analyzed immunoturbidimetrically on the Synchron CX5 analyzer. Urinary nitrogen was measured according to the Kjeldahl method. Leptin level was measured using a commercial ELISA Kit (R&D Systems, USA). The assay was linearized to 1000 ng=l by reporting the calibration curve on log=log paper and was sensitive to 8 ng=l. Serum samples were stored at 720 C until assay. For each patient, the blood samples collected on day 0 and day 30 were assayed in the same run, after a 100-fold dilution. The intra-assay and inter-assay coefficients of variation were 5 and 9%, respectively. Insulin was determined by conventional radioimmunoassay (Ria Gnost Insulin, Behring-Marbury, Germany); the intra-assay and inter-assay coefficients of variation were 4.9 and 9.2%, respectively.
The study design
The study design in cirrhotic patients and patients control group was as follows. REE was measured at day 0 (D0), total urine was collected during a 2 day period (from D 7 1 to D0). The caloric intake was calculated over 5 days (from D 7 1 to D3). At D0, anthropometric measurements were performed and the Child -Pugh score was assessed, and a blood sample was collected to assay biological parameters. One month later (D30), the same procedure was carried out in 22 cirrhotic patients (M=F: 14=8). The patients stayed in the metabolic ward and their diet was monitored during the whole study.
Statistical analysis
Results are expressed as means AE s.d. Comparisons of the data among three groups were performed using a one-way analysis of variance (ANOVA) or Kruskall -Wallis test as appropriate. When ANOVA showed a significant difference, two groups were compared with Bonferroni -Dunn's test. Comparisons between two groups were performed using Student's t-test for unpaired data or Mann -Whitney test as appropriate. Student's t-test for paired data was used to compare two means between D0 and D30. The logarithmic transformation of serum leptin levels due to skewness was used for regression analysis. Regressions were calculated according to the least square analysis, multivariate analysis was performed using multiple linear regression method. The significance threshold was retained at P < 0.05.
Results
The characteristics of the population are shown in Tables 1  and 2 . Healthy control subjects were younger than cirrhotic Serum leptin levels in alcoholic liver cirrhosis B Campillo et al patients and control patients (P ¼ 0.002 in males, P < 0.0001 in females). Female cirrhotic patients were older than female control patients (P < 0.05), while age of male cirrhotic and control patients was in the same range. Body weight (P ¼ 0.007), MMAC (P ¼ 0.006) and FFM (P ¼ 0.003) were lower in male cirrhotic and control patients than in healthy control subjects; FM tended also to be lower in these two groups but the difference did not reach the significance threshold (P ¼ 0.073). Anthropometric parameters in female cirrhotic patients and healthy subjects were very comparable; FFM was lower in female control patients than in the other two groups (P ¼ 0.007) while body weight tended to be lower. The liver function was severely damaged in cirrhotic patients in comparison with the control patients as shown by increased bilirubin level (P < 0.001) and decreased prothrombin time and albumin level (P < 0.001) in both male and female cirrhotic patients. Other tests showed increased ASAT and ALAT levels in male cirrhotic patients (P < 0.0001). The Pugh score was in the same range in male and female cirrhotic patients (9.1 AE 2.4 vs 8.9 AE 1.7).
Leptin levels and metabolic parameters are shown in Table 3 . Leptin levels were higher in male cirrhotic patients than in control patients and healthy subjects (P ¼ 0.0051). Leptin levels expressed per kg of FM tended also to be higher in male cirrhotic patients but the difference did not reach the significance threshold. In contrast, leptin levels were in the same range in the three female groups. Leptin levels were higher in females than in males in each of the three groups. The metabolic parameters insulin, REE and caloric intake were in the same range in cirrhotic patients and control patients in both males and females.
Leptin levels according to Child classification in cirrhotic patients are shown in Table 4 . Leptin levels in male Child B and C cirrhotic patients were higher than in Child A cirrhotic patients, control patients and healthy subjects (P ¼ 0.0027). The same result was observed when leptin was expressed per kg of fat mass (P ¼ 0.0017).
In female cirrhotic patients, leptin levels tended to be higher in Child C patients than in Child B patients, control patients and healthy subjects but the difference was not statistically significant. Patients with histologically proven alcoholic hepatitis had leptin levels in the same range than other cirrhotic patients (males 5100 AE 2572 vs 6130 AE 5301 ng=l; females 15975 AE 11346 vs 9178 AE 7171 ng=l). Leptin levels were not significantly different between ascitic and non-ascitic patients in male (5477 AE 4517 vs 6150 AE 4184 ng=l) and female patients (8389 AE 6897 vs 17750 AE 10037 ng=l).
Changes in serum leptin levels, nutrition and metabolic parameters and liver function between D0 and D30 are Table 5 . Pugh score decreased showing an improvement of liver function (P < 0.001). Fat mass (P < 0.02) and leptin levels (P < 0.05) increased while metabolic parameters did not change. Log (leptin) levels correlated with FM in the entire population (r ¼ 0.587, P < 0.001). Log (leptin) levels correlated with FM to a greater extent in females (r ¼ 0.679, P < 0.001) than in males (r ¼ 0.287, P ¼ 0.0412).
Regarding cirrhotic and control patients, log (leptin) levels correlated with insulin levels to a greater extent in females (r ¼ 0.574, P ¼ 0.0081) than in males (r ¼ 0.326, P ¼ 0.0491). In cirrhotics and control patients, log (leptin) levels correlated with CRP levels only in males (0.365, P ¼ 0.0223), with REE only in females (r ¼ 0.614, P ¼ 0.0052).
Correlations between log (leptin) levels and metabolic and clinical parameters in female cirrhotic patients are shown in Figure 1 . In this group of patients, insulin levels correlated with bilirubin levels (r ¼ 0.741, P ¼ 0.0038) and prothrombin time (r ¼ 70.628, P ¼ 0.0216).
Multiple linear regression analysis showed that log (leptin) levels as dependent variable correlated significantly with FM (P < 0.0001) and sex (P ¼ 0.0002) as independent variables in the entire population (r ¼ 0.624, r 2 ¼ 0.389), with CRP levels (P ¼ 0.0247) but not with FM (P ¼ 0.1423) and insulin levels (P ¼ 0.0729) in male cirrhotic and control patients (r ¼ 0.543, r 2 ¼ 0.295), with FM (P ¼ 0.0258) and insulin levels (P ¼ 0.0023) but not with REE (P ¼ 0.2929) in female cirrhotic and control patients (r ¼ 0.894, r 2 ¼ 0.799), and with insulin levels (P ¼ 0.0137) but not with FM (P ¼ 0.0761), Pugh score (P ¼ 0.4472) or REE (P ¼ 0.4576) in female cirrhotic patients (r ¼ 0.933, r 2 ¼ 0.871). No significant correlation was found between log (leptin) level and caloric intake in any of the groups.
Discussion
In this study, we showed that serum leptin levels were increased in male patients with alcoholic liver cirrhosis but not in female patients. In the latter, we found strong correlations between leptin levels, FM, insulin levels and markers of liver function such as bilirubin levels, prothrombin time and Pugh score, which is a composite clinical score. Therefore, FM, insulin level and liver function seem the best determinants of serum leptin levels in female cirrhotic patients, as shown by simple regression analysis. Leptin levels were higher in male Child B and C patients in comparison with Child A patients, but the lack of correlation between leptin levels and bilirubin levels, prothrombin time and Pugh score shows that liver function influences leptin levels in male patients to a lesser extent than in female patients. Recent studies have focused on serum leptin levels in cirrhotic patients, showing that serum leptin levels may vary with the etiology of the liver disease. Greco et al (2000) reported a significant reduction in leptin levels in patients with post-hepatitis cirrhosis while Testa Leptin regulates adipose tissue mass through hypothalamic effects on satiety and energy expenditure and may be considered as a signal of energy deficiency and an integrator of neuroendocrine function (Soliman et al, 2000) . Serum leptin levels are low in many forms of malnutrition, including intrauterine growth retardation, untreated anorexia nervosa and malnourishment in chronically ill elderly patients (Jaquet et al, 1998; Boguszewski et al, 1997; Eckert et al, 1998; Cederholm et al, 1997) . Many factors may influence serum leptin levels in liver cirrhosis, possibly with contradictory effects. Malnutrition is a common finding in this disease and may lead to a decrease in leptin levels. On the other hand, major secretogogs of leptin such as cytokines (TNFa and IL-1), corticosteroids and insulin are increased in cirrhosis and should lead to an increase in leptin levels (McCullough et al, 1998) . Therefore, we compared a group of alcoholic cirrhotic patients, most of them having severe liver failure, with healthy controls and a group of patients at risk of malnutrition but with normal liver function. Our healthy controls were younger than both cirrhotic patients and control patients. However, a previous study performed in a large population had not found a significant effect of aging on serum leptin; age and leptin levels weakly correlated only in male subjects (Thomas et al, 2000) . There was no large difference among our three groups of male subjects and age was very similar in cirrhotic and control patients, which suggests that this difference in age does not account for the different leptin levels observed in the male groups. Male cirrhotic and control patients were malnourished, as shown by reduced MMAC and FFM in comparison with healthy controls, while their FM tended to be lower. Nutritional status in cirrhotic and control patients was very comparable. In contrast, nutritional status was very comparable in female cirrhotic patients and healthy controls while control patients had a reduced FFM. Previous studies have shown that anthropometry is a reliable index to evaluate FM in cirrhotic patients, giving comparable results with other methods such as biolectrical impedance analysis and dual-energy X-ray absorptiometry, even in patients with an advanced disease and an increased total body water (Prijatmoko et al, 1993; Plauth et al, 1997) . In contrast, anthropometry underestimates FFM in comparison with multicompartment model analysis because of the increased hydratation of FFM in these patients (Prijatmoko et al, 1993) . As reported in previous studies, we found a sexual dimorphism for serum leptin levels. This persisted after adjustment for total FM in control patients and healthy controls but not in cirrhotic patients (Ostlund et al, 1996; Havel et al, 1996; Saad et al, 1997) . FM correlated with serum leptin levels to a greater extent in female groups than in male groups. In our entire population, multivariate analysis showed that FM and sex were strong predictors of leptin levels.
Leptin is correlated with energy metabolism, its serum concentration would represent a link between the actual body energy needs and the food consumption (Halaas et al, 1995; Salladin et al, 1996) . In humans, a positive correlation between serum leptin concentration and total energy expenditure has been found (Salbe et al, 1997) . Hypermetabolism is frequently associated with liver cirrhosis while spontaneous caloric and protein intakes are usually below the requirements (Muller et al, 1992; McCullough & Tavill, 1991) . Therefore it can be hypothesized that leptin may participate in the regulation of energy metabolism in these patients and we have searched for a relationship between serum leptin levels and REE and caloric intake. Caloric intake was close to 40 kcal=kg of FFM in our cirrhotic patients in accordance with their energy requirements. High caloric intake could be achieved in these patients because they were in a stable clinical condition and they were hospitalized for several weeks in a unit devoted to nutritional support. In this condition, we did not find any Serum leptin levels in alcoholic liver cirrhosis B Campillo et al Figure 1 Correlations between serum log (leptin) levels and insulin levels (r ¼ 0.704, P ¼ 0.0072), fat mass (r ¼ 0.712, P ¼ 0.0043), REE (r ¼ 0.664, P ¼ 0.0133), bilirubin levels (r ¼ 0.888, P < 0.0001), prothrombin time (r ¼ 70.843, P ¼ 0.0003), Pugh score (r ¼ 0.611, P ¼ 0.0266) in the female cirrhotic patients (n ¼ 13).
Serum leptin levels in alcoholic liver cirrhosis B Campillo et al significant correlation between leptin level and caloric intake, whereas leptin level correlated with REE in female cirrhotic and control patients. This result suggests that leptin may stimulate energy expenditure but does not decrease appetite in this group. Moreover, REE is not an independent predictor of leptin level when taking into account FM and insulin, which does not support the role of leptin in the reduction of fat stores in these patients. We found in our study a strong relationship between liver function and serum leptin levels in female cirrhotic patients, as shown by the correlation between Pugh score and leptin levels. Among the factors included in the Pugh score, prothrombin time and bilirubin levels strongly correlated with leptin levels, whereas albumin did not. Ascites does not seem to contribute to increased leptin levels, which were in the same range in ascitic and non-ascitic patients. Many factors may account for this relationship between liver function and increased leptin levels. Henriksen et al (1998) have shown that a decreased renal extraction is involved in the elevated circulating leptin in these patients. Renal perfusion decreases in cirrhotic patients and parallels the severity of liver failure even when serum creatinine is normal (Epstein, 1996) . On the other hand, a contribution of the portosystemic collateral blood flow cannot be excluded. Gonadal hormones have an influence on leptin expression and secretion (Elbers et al, 1997) . Previous studies have shown a positive relationship between serum leptin and estrogen levels in women while testosterone levels negatively correlated with leptin levels (Shimizu et al, 1997; Vettor et al, 1997) . Increased estradiol levels have been reported in female cirrhotic patients and paralleled the severity of liver failure, whereas Shimizu et al did not find a significant correlation between serum leptin and estradiol (Kaymakoglu et al, 1995; Gavaller & Van Thiel, 1992; Glund, 1988; Shimizu et al, 1998) . Moreover, a reduction in circulating testosterone levels is well known in cirrhotic patients. However, multiple regression analysis shows that liver failure assessed by Pugh score is not an independent predictor factor of leptin level when taking into account insulin levels. Hyperinsulinemia is well known in cirrhotic patients; the decreased hepatic insulin extraction in cirrhosis participates in increased peripheral insulin concentration (Johnston et al, 1978; Stewart et al, 1983) . Severe liver failure in our female cirrhotic patients contributes to high serum insulin levels as shown by significant correlations between insulin levels, bilirubin levels and prolonged prothrombin time. Therefore, insulin level is the strongest predictor of leptin level in this group. ASAT levels were increased in male cirrhotic patients while CRP level tended to be higher in cirrhotic patients in comparison with control patients. This finding, together with the fact that 14 of our 15 patients with a liver biopsy had a histologically proven alcoholic hepatitis, shows that most cirrhotic patients included in the study had alcoholic hepatitis. Alcoholic hepatitis is characterized by increased levels of cytokines such as IL-6, IL-8 and TNF-a (Mc Clain et al, 1993) . CRP, a key acute phase reactant mainly controlled by IL-6, is also increased in alcoholic hepatitis. It has been shown that IL-1 and TNF-a are major secretogogs of leptin, moreover the positive correlation between leptin and CRP levels suggests that the inflammatory state in our male patients may have a role in the secretion of leptin (Grunfeld et al, 1996) . Thus, inflammatory state related to alcoholic hepatitis seems to be a stimulus of leptin secretion in male cirrhotic patients and may account for their increased serum leptin levels. Furthermore, the difference between our results and previous studies may lie in the fact that patients included in those studies were indemn of alcoholic hepatitis.
We had previously shown that FM increased with refeeding in cirrhotic patients while liver function improved (Campillo et al, 1997) . In this study, we investigated change in serum leptin levels in a group of 22 cirrhotic patients after 1 month of refeeding. We showed that leptin levels and FM significantly increased while liver function improved as expected. This result is in agreement with previous studies showing that changes in FM and body weight parallel variations of serum leptin levels; a decrease in body weight by 10% in a obese subject induces a decrease in serum leptin level by 50% while an increase in body weight by 10% induces an increase in serum leptin level by 300% Kolaczynski et al, 1996) . In cirrhotic patients, change in FM is a major determinant of variation of serum leptin and has a greater influence than change in liver function and inflammatory status, which should lead to the opposite effects.
In conclusion, our study shows that there is a gender difference in regulation of serum leptin levels in alcoholic cirrhotic patients. Insulin level is the major determinant of leptin level in female patients, while inflammatory state related to alcoholic hepatitis seems predominant in male patients. Elevated leptin stimulates energy metabolism in female cirrhotic patients but has no effect on appetite. Our results do not argue for a role of leptin in alteration of nutritional status in cirrhotic patients.
